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Anisotropy coeﬃcients vn are important observables for studying the hot and dense medium
created in heavy-ion collisions. This report presents a comprehensive measurement of the coef-
ﬁcients v2 − v6 in the broad transverse momentum, pseudorapidity and centrality ranges using
Pb-Pb collisions data at
√
sNN = 2.76 TeV from the ATLAS experiment at the LHC. The mea-
surements are done using the event plane and two-particle correlation methods. Both techniques
lead to consistent results, showing rising vn at low transverse momenta, then decreasing in the
range 3-8 GeV and a weak dependence at the highest transverse momenta. Weak pseudorapidity
dependence of vn harmonics was measured for the considered centrality and transverse momen-
tum ranges.
1A list of members of the ATLAS Collaboration and acknowledgements can be found at the end of this issue.
sNN = 2.76 TeV, corresponding to the integrated luminosity of about ∼8 μb−1. Events
The analysis presented in this proceeding has been performed using a sample of Pb-Pb colli-
sions at
√
2. Analysis Methods
The aim of the LHC heavy-ion program is to understand the properties of the quark-gluon
matter at the highest temperatures and densities ever achieved in the laboratory. One of the
observables that allows for studying properties of the matter created in relativistic heavy-ion
collisions is the azimuthal anisotropy of produced particles. Among the most important results
from RHIC is the observation of a large azimuthal anisotropy of produced particles that led to the
conclusion that the system created in Au-Au collisions is strongly coupled [1]. Stronger pressure
gradients induced by the azimuthal asymmetry in the initial interaction region, lead to the ﬁnal
state anisotropy of produced particles. This anisotropic ﬂow is characterized by vn coeﬃcients of
the Fourier expansion of the particle azimuthal angle distribution [2]. The second coeﬃcient, v2,
usually called elliptic ﬂow, is related to the approximate elliptical shape of the interaction region,
while higher-order harmonics are expected to reﬂect its ﬂuctuations [3]. A rich program of
anisotropic ﬂow measurements in Pb-Pb collisions is underway with ATLAS [4]-[9], exploiting
the potential of the detector [10], namely its full acceptance in the azimuthal angle and wide
pseudorapidity coverage.
1. Introduction
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from non-collision backgrounds and Coulomb interactions were rejected by requiring coinci-
dences between two arms of the Minimum Bias Trigger Scintillator as well as the two parts of
the Zero Degree Calorimeter [11]. The ﬁnal dataset consists of about 5 × 107 minimum bias
collision events. The total transverse energy deposited in the forward calorimeter (FCal), over
the pseudorapidity range 3.1 < |η| < 4.9, was used to determine collision centrality [4].
Two independent methods were used in the measurement of ﬂow harmonics. The event plane
method relies on the approximation of the reaction plane angle,ΦRP (which cannot be determined
directly), by the event plane angle Ψn measured using FCal. To account for the resolution of the
event plane angle determination a correction, R, obtained by correlating two independently mea-
sured event planes in positive (ΨPn ) and negative (Ψ
N
n ) sides of FCal, is applied [4]. Coeﬃcients
vn have been obtained by correlating charged particles measured in the inner detector, with the
event plane angles vn = 〈cos(n[φ − Ψn])〉/R. To minimize the non-ﬂow contributions to the vn
measurement, the subevent technique was used to introduce pseudorapidity separation (at least 3
η units) between detectors measuring the event plane and the inner detector where the transverse
momenta of charged particles have been reconstructed.
Flow harmonics vn can be also measured by the two-particle correlation method [12] which
does not require determination of the event plane. The correlation function, C(Δφ,Δη), is a distri-
bution of the relative azimuthal angle (Δφ) and pseudorapidity (Δη) of a pair of charged particles
divided by the combinatorial background [5]. Harmonics of two-particle correlations, vn,n, are
measured via Fourier transform of the 1-D projection of the correlation function C(Δφ,Δη) onto
Δφ. To suppress the inﬂuence of correlations originating from jet fragmentation and resonance
decays, a large Δη is required (|Δη| > 2). It is expected that harmonics vn,n = 〈cos(nΔφ)〉 fac-
torize into a product of ﬂow harmonics vn,n(pTa,pTb) ≈ vn(pTa)vn(pTb) if correlations due to the
anisotropic ﬂow are dominant. Therefore, in the two-particle correlation method ﬂow harmonics
are calculated as vn =
√
vn,n [5].
3. Results
The transverse momentum and centrality dependence of harmonics v2 − v6 obtained with the
event plane method for charged particles measured over |η| < 2.5 is shown in Figure 1. Similar
transverse momentum dependence of vn is observed in all centrality bins studied. After a sharp
rise at the low-pT region, ﬂow harmonics reach a maximum at about 3 GeV, then decrease up
to pT∼8 GeV and vary weakly beyond [4]. The second ﬂow harmonic shows a much stronger
centrality dependence than v3 − v6 with the strongest signal in mid-central collisions (30-50)%.
Such behaviour is consistent with the elliptic ﬂow driven by the ”elliptic” spatial anisotropy of the
initial state while higher-harmonics arise as a consequence of ﬂuctuations in the initial geometry.
Interestingly, in almost all centrality bins, for a given pT, the vn decrease with increasing n,
except in the most central collisions. In the latter case, v3 and v4 are larger than v2. Figure 2 shows
that vn coeﬃcients follow a simple scaling relation: v
1/n
n ∝ v1/22 , motivated by hydrodynamic
models and observed previously at RHIC [13].
Pseudorapidity dependence of v2 covering 5 η units for particles with 0.5 < pT < 20 GeV is
shown in Figure 3. A weak pseudorapidity dependence of v2 is observed in the considered pT
ranges and this is also valid for the harmonics v3 − v6 [5]. Transverse momentum dependence
of v2 measured at LHC energies is similar to RHIC measurements [4] at center-of-mass energy
about 14 times lower, but the η dependence is much diﬀerent from the PHOBOS result [14]
which shows a 30% drop of v2 in the same pseudorapidity range, |η| < 2.5 . It has to be noted
that the PHOBOS measurement includes all charged particles while the η dependence shown on
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Figure 1: Transverse momentum dependence of vn in sev-
eral centrality intervals. Grey bands represent systematic
uncertainties [5].
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Figure 2: v1/nn /v
1/2
2 vs. pT in several centrality intervals.
Grey bands represent systematic uncertainties [5].
Figure 3 is restricted to particles with pT > 500 MeV. However, the recent ATLAS measurement
of elliptic ﬂow integrated over transverse momentum [7], taking into account charged particles
with very low-pT, still shows a weak pseudorapidity dependence of v2.
In ATLAS v2 − v6 harmonics have been also measured with the two-particle correlation
method. A comparison between the two methods is shown in Figure 4 for the centrality depen-
dence of vn in two transverse momentum intervals (1-2) GeV and (2-3) GeV. Within systematic
uncertainties both techniques give consistent results [5].
4. Summary
In summary, the ﬂow harmonics v2 − v6 have been measured with the event plane and two-
particle correlation methods in Pb-Pb collisions at
√
sNN=2.76 TeV over a broad pseudorapidity,
transverse momentum, and centrality range. Similar pT dependence for all harmonics is shown,
namely an increase up to pT of about 3-4 GeV and decrease at higher pT. Weak pseudorapidity
dependence of v2 − v6 harmonics is observed over the region covering |η| <2.5.
This work is in part supported by National Science Centre grant number 2011/01/N/ST2/04042.
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Figure 3: Charged particle
v2(η,pT) for |η| < 2.5 and
0.5 < pT < 20 GeV in sev-
eral centrality intervals. Error
bars indicates systematic and
statistical uncertainties added
in quadrature [4].
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Figure 4: Comparison of the
vn centrality dependence mea-
sured with the event plane and
two particle correlation meth-
ods for two pT ranges: 1 <
pT < 2 GeV (left) and 2 < pT
< 3 GeV (right). Error bars
represent statistical uncertain-
ties only. Bottom panels shows
the ratios and the dashed lines
indicate a ±10% range to guide
the eye [5].
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